Background: A low-glycemic index diet is effective in blood glucose control of diabetic subjects, reduces insulin requirement in women with gestation diabetes mellitus (GDM) and improves pregnancy outcomes when used from beginning of the second trimester. However there are limited reports to examine the effect of low glycemic load (LGL) diet and fi ber on blood glucose control and insulin requirement of women with GDM. Therefore, the aim of this study was to examine the effect of low glycemic load diet with and without fi ber on reducing the number of women with GDM requiring insulin. Materials and Methods: All GDM women (n = 31) were randomly allocated to consume either a LGL diet with Fiber or LGL diet. Results: We found that 7 (38.9%) of 18 women with GDM in Fiber group and 10 (76.9%) in "Without Fiber" group required insulin treatment. Conclusion: The LGL diet with added fi ber for women with GDM dramatically reduced the number needing for insulin treatment. concentration, specifi cally the effect of wheat bran on blood glucose of GDM subjects and on reducing the number of women with GDM requiring insulin. We hypothesized that low GI-low GL diet ingested with wheat bran compared with low GI-low GL diet would improve postprandial blood glucose of GDM subjects and reduces the number of women with GDM requiring insulin, because of lowering GI value.
INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as "carbohydrate intolerance resulting in hyperglycemia with fi rst recognition during pregnancy. The GDM affects a substantial number of pregnancies. The overall incidence of 3-6% has steady increased over time, ranging from 2.2% in South America to 15% in the India. [1] Maternal hyperglycemia causes a greater transfer of glucose to the fetus, causing fetal hyperinsulinemia and an overgrowth of insulin-sensitive (mainly adipose) tissues, with excessive fetal growth, resulting in more trauma at birth, shoulder dystocia and perinatal deaths. [2] Carbohydrate is main dietary source for fetal brain development and at least 175 g/day of carbohydrates are recommended in the pregnant women. [3] Carbohydrates intake with a low-glycemic index (GI) result in smaller increase in postprandial glucose concentration than after high GI diet in normal and also type 2 diabetic patients. [4, 5] Ingestion of 25 g fi ber induces 10-15% reduction in 2 hr postprandial glucose level in impaired glucose tolerance subjects, [6] and lower dietary fi ber intake and higher dietary glycemic load (GL) are positively related to the incident of GDM. [7] The medical nutrition therapy (MNT) is the cornerstone approach to treatment of women with GDM, [8] and almost up to 80-90% cases of GDM can be effectively managed with MNT. [1] However limited information is available to allow evidence-based recommendations regarding specifi c nutritional approaches such as total calories, nutrient distribution, fi ber content, GI and GL to the management of GDM.
Therefore, the aim of the present study was to investigate the role of low GI-low GL diet in postprandial blood concentration, specifi cally the effect of wheat bran on blood glucose of GDM subjects and on reducing the number of women with GDM requiring insulin. We hypothesized that low GI-low GL diet ingested with wheat bran compared with low GI-low GL diet would improve postprandial blood glucose of GDM subjects and reduces the number of women with GDM requiring insulin, because of lowering GI value.
MATERIALS AND METHODS
Thirty six GDM women (aged 20-40), pre-pregnancy BMI = 18.5-29, and at their gestation age of 24-28 weeks who were referred to endocrine clinic were recruited for this study. The diagnostic criteria for GDM was based on the 'standards of medical care in diabetes' and HAPO study. [8, 9] The proposed criteria for the 75g, OGTT considered that any of the following thresholds be met or exceeded.
• Fasting plasma glucose 92 mg/dl • One-hour plasma glucose 180 mg/dl • Two-hour plasma glucose 153 mg/dl
The monitoring criteria for GDM considered as fasting plasma glucose ≤ 90 mg/dl and 2 hr PP plasma glucose ≤ 120 mg/dl. [8] Patients were either IFG (FBS > 92, impaired fasting glucose) or IGT (FBS < 92; IGT 1 h, 2 h > 180, 153 mg/dl; impaired glucose tolerance). IFG patients randomly allocated to "Fiber group" and "Without Fiber" group, also IGT patients were randomized the same manner in two diet groups. There were similar number of IFG patients in each group of "Fiber" and "Without Fiber" group. Similarly the IGT patients were equal in each group. In fact we eliminated the confounding factors by allocating similar blood glucose level in each group and the difference in FBS in two groups at the beginning was not signifi cant [ Table 2 ].
Dietary plane
The LGIs-LGLs ascribed to the foods used have been taken from international and local published data. [10, 11] The diet in the two weeks experimental period consisted of ordinary food item having GI ≤ 55 and each main meal had GL ≤ 20 with overall daily GL = 67-72. Subjects were received LGI-LGL or LGI-LGL plus 15g wheat bran in each main meal. This was accomplished by providing a list to each individual of the recommended daily intake of commonly used foods and a substitution list allowing exchanges within food groups. According to American Diabetes Association (ADA), we recommended a daily calorie intake of 30 kcal/kg body weight plus 340 kcal/day for women with a normal pre-pregnancy weight (BMI = 19.8-26) and 24 kcal/day (plus 340 kcal/daily) for women with pre-pregnancy overweight (BMI = 26.1-29). [12] The nutrients distribution were almost based on ADA [12] guideline [ Table 1 ] and the calorie intake was distributed in three main meals and three between meals and bed time. Subjects were ordered to do their daily routine life style during intervention. After two weeks women who achieved FBS and BS 2 hr pp blood glucose control continued their diet, otherwise commenced insulin treatment
Statistical analysis
Data are reported as mean ± SD. Blood glucose data were analyzed by independent sample t-test and Chi-square test to compare blood glucose concentration before and after intervention and between two groups of "Fiber" and "Without Fiber".
Blood glucose monitoring
After two weeks dietary intervention plasma blood glucose monitored using fasting blood glucose and 2 hours postprandial plasma blood glucose.
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RESULTS
Five women in "Without Fiber" group at last stage of study withdrew from study and did not complete the study. We continue the study with 18 subjects in "Fiber" group and 13 subjects in "Without Fiber" group. Based on diagnosis of GDM all participated subjects were diabetes without signifi cant differences in fasting blood glucose of two groups at the beginning of the study (100.4 ± 16.3 and 108.0 ± 20.3 in "Fiber" and "Without Fiber" groups respectively, P = 0.2). In "Fiber" group fasting blood glucose concentration before intervention and after intervention were 100.4 ± 16.3 and 86.3 ± 11.3 respectively which resulted in 14% (14 mlg/dl) reduction (P = 0.001). Similarly, these changes in "Without Fiber" group were 108.0 ± 20.3 and 96.6 ± 20.7 respectively with 12% (12 ml/dl) reduction (P = 0.01). Similarly 2 hr pp blood concentration in "Fiber" and "Without Fiber" group reduced by 29.6% and 21.3% respectively compare to 2 hr GTT. However comparing fasting blood glucose after two weeks period of intervention in two groups was not signifi cant (P = 0.1) [ Table 2 ].
The postprandial blood glucose in two groups of "Fiber" and "Without Fiber" after intervention were 115.1 ± 18.1 and 136.9 ± 18.7 respectively, which the difference was signifi cant (P = 0.003) [ Table 2 ].
Regarding to blood glucose control based our study's criteria, 11 (61.1%) patients in "Fiber" group and 3 (23.1%) patients in "Without Fiber" groups achieved blood glucose control (Chi-square, P = 0.04) [ Table 3 ]. In other word 7 (38.9%) in "Fiber" group and 10 (76.9%) in "Without Fiber" group required insulin treatment. In comparison with "Without Fiber" group, patients who consumed fi ber demonstrated OR of 5.2 in achieving blood glucose control (P = 0.04)
DISCUSSION
This study revealed that, the low-glycemic load diet signifi cantly reduces blood glucose concentration and specifi cally the low-glycemic load diet with added 15 gr fi ber had clinically signifi cant effect on post prandial blood glucose of GDM patients.
Our previous studies has demonstrated that the low glycemic load diet has signifi cant effect on blood glucose reduction of diabetic subjects [13] and wheat bran in normal diet signifi cantly reduces postprandial glucose response of subjects with impaired fasting glucose (IFG). [6] Although, there are limited studies about the usefulness of a low-glycemic index diet in pregnancy, [14] one study demonstrated that consumption of a low-glycemic index diet from the beginning of the second trimester resulted in better fetal outcomes. [15] The monitoring criteria for GDM is considered as fasting plasma glucose ≤ 90 mg/dl and 2 hr PP plasma glucose ≤ 120 mg/dl after starting the meal. [8] This can be achieved by administration of low glycemic load diet or diet containing suffi cient fi ber to delay obsorbtion of carbohydrate. In our previous study, the LGL diet signifi cantly effect on FBS and HbA1c of diabetic patients [13] and administration of 25 gr wheat bran to normal diet of IFG subjects resulted in 11% reduction in blood glucose response in compare to control group. [6] Two other reports also have shown the advantages of a low-glycemic index diet for the management of subjects with type 2 diabetes. [16, 17] In current study 15 gr wheat bran intake by GDM subjects reduced the fasting blood glucose concentration by 16.1%, which was comparable with 11.8% reduction in "LGL" control diet. Similarly 2 hrs pp blood concentration reduced by 29.6% and 21.3% in "Fiber" and "Without Fiber" group respectively compare to 2 hrs GTT. We found that 7 (38%) of 18 women in Fiber group and 10 (76%) in "Without Fiber" group needed insulin treatment. In similar study conducted in Wollongong city in Australia. [18] Of the 31 women randomly assigned to a low-glycemic index diet, 9 (29%) required insulin, and a signifi cant higher proportion, 19 out of 32 (59%) women who assigned to a higher glycemic index diet underwent insulin treatment. While there were similar a minimum amount of around 175 g/day LGI carbohydrate in both studies, the differences can be explained by different GDM diagnosed and monitoring criteria approached in two studies. In our study GDM diagnosis was according to guideline of the "Standards of medical care in diabetes", [8] while in Wollongong study GDM diagnosis was based on the modified Australasian Diabetes in Pregnancy Society (ADIPS) criteria; [19] fasting blood glucose level (BGL) ≥5.5 mmol/L (_100 mg/dl), 1 hr BGL ≥ 10.0 mmol/L (_181 mg/dl), or 2 hrs BGL ≥ 8.0 mmol/L (_145 mg/dl) vs. 92, 181, 152 mg/dl in our study. Also in another study conducted by Louie et al., [20] in comparing LGI diet (GI ≤ 50) with high fi ber diet (GI ~ 60) among 99 GDM women, 53% of fi rst group vs. 65% in second group required insulin treatment.
The mechanism behind the fact that the LGL diet plus fi ber intake was more effective in blood glucose of GDM subjects is that fi ber slows carbohydrate absorption and reducing GI of meal. It is worthy to notice that the most of the GDM women in our study who were candidate for insulin treatment were unwilling to commence insulin treatment and 6 of them in "Without Fiber" group switched to "Fiber" group. Similarly, 47% of the women in the Wollongong study, [18] in high-GI group who met the criteria for insulin commencement avoided insulin by switching to an LGI diet.
Our current study has strength and limitation. The strengths are that the LGL with fi ber diet is not harsh treatment and is acceptable by patients. The limitation of study is that the LGL diet which contains low carbohydrate percentage is not food habits of patients and food choice limitation may not result in suffi cient weight gain that is goal of pregnant women. However the diet will be ideal to GDM women with BMI > 25 which need the minimum of weight gain during pregnancy. In summary our finding was consistence with others fi nding. Low glycemic index diet containing extra added fi ber for women with GDM is appropriate, safe and well tolerated and a low GL diet with fi ber signifi cantly reduces the need for the use of insulin.
